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(57) ABSTRACT

An optical pickup device or an optical disk device includes: a
light source 11 that emits a laser beam toward an optical disk
235; an optical recerver 18 that detects light retlected from the
optical disk 25; and an astigmatism-generating element 31
that generates light used for focus control 1n a condition
where a focusing position on one of two perpendicular cross
sections mcluding an optical axis of the light reflected from
the optical disk 25 1s located ahead of the optical receiver 18
and a focusing position on the other cross section 1s located
behind the optical recerver 18. The astigmatism-generating
clement 31 1s a Fresnel mirror 31a configured to include a
plurality of reflecting mirrors, and an 1imaginary surface 31d
that connects the tips of the retlecting mirrors 1s curved in a
concave shape toward a light incidence side.

3 Claims, 15 Drawing Sheets
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FIG. 7
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FIG. 8A
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OPTICAL PICKUP DEVICE AND OPTICAL
DISK DEVICE

BACKGROUND

1. Technical Field

The technical field relates to an optical pickup device and
an optical disk device mounted 1n an electronic apparatus,
such as a personal computer or a notebook computer.

2. Description of the Related Art

As electronic apparatuses, such as personal computers and
notebook computers, have become smaller, optical pickup
devices and optical disk devices mounted therein have also
become smaller.

FIG. 13 1s a view 1illustrating the configuration of main
parts 1n an optical system of a known optical pickup device. A
light source 101 emits a laser beam for a Digital Versatile Disk
or Digital Video Disk (hereafter: “DVD™) having a wave-
length A1 of about 650 nm and a laser beam for a compact disk
(hereafter: “CD”) having a wavelength A2 of about 780 nm
toward an optical disk 104. A prism 102 1s formed of optical
glass, for example, and has a slope where a beam splitter 103
1s formed inside the prism 102. The beam splitter 103 1s
formed by using a polarization separating film and has a
property of transmitting a laser beam, which 1s emitted from
the light source 101 and moves toward the optical disk 104,
and of retlecting a laser beam reflected from the optical disk
104. The optical disk 104 1s a DVD or a CD. The detection
lens 105 1s an astigmatism-generating element. Since the
detection lens 105 has a shape of a so-called columnar lens or
cylindrical lens, focal distances on two perpendicular cross
sections 1ncluding an optical axis are different. An optical
receiver 106 has a light-detecting portion 107 which detects
light reflected from the optical disk 104.

Light emitted from the light source 101 1s transmitted
through the beam splitter 103 and 1s then incident on the
optical disk 104. Light reflected from the optical disk 104 1s
reflected by the beam splitter 103, 1s incident on the detection
lens 105, and 1s then incident on the optical receiver 106.

FIG. 14A 1s an explanatory view illustrating a known
detection lens, FIG. 14B 1s a view 1illustrating a state of a spot
when an optical disk 1s near, and FI1G. 14C 1s a view 1llustrat-
ing a state of a spot when an optical disk 1s far. Referring to
FIG. 14A, light 108 transmitted through the detection lens
105 forms a focal point 1n the neighborhood of the optical
receiver 106. A focal point 109 of the light 108 on a cross
section 1n the vertical direction 1s positioned ahead of the
optical recerver 106, and a focal point 110 of the light 108 on
a cross section in the horizontal direction 1s positioned behind
the optical receiver 106. That 1s, the optical receiver 106 1s
disposed between the two focal points 109 and 110. The shape
of a spot 111 on the optical recerver 106 1s almost circular.

As shown 1n FIG. 14B, 1n the case where the optical disk
104 15 close to an optical pickup device, the spot 111 of a laser
beam 1n the optical receiver 106 becomes long 1n the hori-
zontal direction. On the other hand, as shown 1n FIG. 14C, in
the case where the optical disk 104 1s far from the optical
pickup device, the spot 111 has a long shape 1n the vertical
direction. A focus control signal can be obtained by disposing
the A to D light-detecting portions 107 in a cross shape and
calculating a focus error signal FES=(A+C)-(B+D). That 1s,
since the focus error signal FES>0 1n the case where the
optical disk 104 1s near and the focus error signal FES<0 1n
the case where the optical disk 104 1s far, the position of the

optical disk 104 can be checked.

SUMMARY

JP-A-63-249101 describes an optical pickup device which
1s small 1n size and 1s high 1 precision and 1n which a
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detection lens as a Fresnel lens 1s united with an optical
receiver, even though an example of only one wavelength 1s
shown. FIG. 15A 1s a cross-sectional view illustrating a nor-
mal lens, and FIG. 15B 1s a cross-sectional view 1llustrating a
Fresnel lens. A Fresnel lens 113 1s a lens obtained by dividing
a normal lens 112 for every predetermined height d and mov-
ing each of the divided parts 1n order to make the entire lens
thin. A depth d of a level difference 113qa of the Fresnel lens
113 1s equivalent to the predetermined height d by which the
lens 112 1s divided. In addition, a region where a refraction
operation 1s actually performed 1s an orbicular band shaped
lens portion which 1s called a ring band 113a. The astigma-
tism-generating element has been explained as a lens but may
also be a mirror.

A level difference of the Fresnel lens or Fresnel mirror as
an astigmatism-generating element 1s preferably made to
match a wavelength used so that diffraction does not occur.
However, light beams having two different wavelengths of
light for DVD and light for CD are incident on the astigma-
tism-generating element. Accordingly, at least one of the light
for DVD and the light for CD causes diffraction. There is a

case where diffracted light appears as stray light on the optical
receiver and 1s incident on a light-detecting portion other than
original light-detecting portions. This was one of the causes
that make tracking control or focus control unstable.

In view of the above problems, as well as other concerns, an
optical pickup device and an optical disk device are provided
which are small and capable of realizing stabilized tracking
control and focus control.

The optical pickup device includes: a light source that
emits a laser beam toward an optical disk; an optical recerver
that detects light reflected from the optical disk; and an astig-
matism-generating element that generates light used for focus
control 1n a condition that a focusing position on one of two
perpendicular cross sections including an optical axis of the
light reflected from the optical disk 1s located ahead of the
optical recerver and a focusing position on the other cross
section 1s located behind the optical receiver. The astigma-
tism-generating element 1s a Fresnel mirror configured to
have a plurality of orbicular band shaped reflecting mirrors,
and an 1maginary surface which connects the tips of the
orbicular band shaped retlecting mirrors 1s curved in a con-
cave shape toward a light incidence side.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view 1illustrating the configuration of an optical
system of an optical pickup device according to a first
embodiment.

FIG. 2 1s a view 1llustrating the configuration of an optical
pickup device from which a cover 1n the first embodiment 1s
removed.

FIG. 3A 1s a view 1llustrating the configuration of an optical
system related to an astigmatism-generating element 1n the
first embodiment, and FIG. 3B 1s a view 1llustrating the shape
of the astigmatism-generating element 1n the first embodi-
ment.

FIG. 4 A 1s an explanatory view illustrating an astigmatism-
generating element, FIG. 4B 1s a view illustrating the shape of
a spot when an optical disk 1s near, and FIG. 4C 15 a view
illustrating the shape of a spot when an optical disk 1s far.

FIG. 5 1s a view 1llustrating the layout of a light-detecting,
portion 1n an optical receiver in the first embodiment.

FIG. 6A 1s a view 1llustrating a curved mirror before being,
formed as a Fresnel mirror, and FIG. 6B 1s a view illustrating
a Fresnel mirror.
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FI1G. 7 1s a view illustrating a shape of the Fresnel mirror in
the first embodiment.

FIG. 8A 15 a view 1llustrating the configuration of an inte-
grated prism 1n the first embodiment, FIG. 8B 1s a view
illustrating a first example of the configuration of the astig-
matism-generating element 1n the first embodiment, FIG. 8C
1s a view 1llustrating a second example of the configuration of
the astigmatism-generating element in the first embodiment,
FIG. 8D 1s a view 1illustrating a third example of the configu-
ration of the astigmatism-generating element 1 the first
embodiment, and FIG. 8E 1s a view 1illustrating a fourth
example of the configuration of the astigmatism-generating
clement 1n the first embodiment.

FIG. 9A 1s a view 1llustrating a first example of a level
difference pattern of the astigmatism-generating element 1n
the first embodiment, FIG. 9B 1s a view 1llustrating a second
example of the level difference pattern of the astigmatism-
generating element 1n the first embodiment, and FIG. 9C 1s a
view 1llustrating a third example of the level difference pat-
tern ol the astigmatism-generating eclement in the first
embodiment.

FI1G. 10 1s a view 1llustrating the configuration of an optical
pickup module according to a second embodiment.

FIG. 11 1s a view 1llustrating the configuration of an optical
pickup device according to the second embodiment.

FI1G. 12 1s a view 1llustrating the tlow of a servo control of
the optical pickup device according to the second embodi-
ment.

FIG. 13 1s a view 1llustrating the configuration of main
parts 1n an optical system ol a known optical pickup device.

FIG. 14A 1s an explanatory view illustrating a known
detection lens, FIG. 14B 1s a view 1illustrating a state of a spot
when an optical disk 1s near, and FIG. 14C 1s a view 1llustrat-
ing a state of a spot when an optical disk 1s far.

FIG. 15A 1s a cross-sectional view illustrating a normal
lens, and FIG. 15B 1s a cross-sectional view illustrating a
Fresnel lens.

DETAILED DESCRIPTION

(First Embodiment)

A first embodiment will be described with reference to the
accompanying drawings. FIG. 1 1s a view illustrating the
configuration of an optical system of an optical pickup device
according to a first embodiment.

A light source 11 emits a laser beam for a DVD having a
wavelength A1 of about 650 nm and a laser beam for a CD
having a wavelength A2 of about 780 nm toward an optical
disk 25 from adjacent positions. A distance between emission
positions of laser beams having two wavelengths 1s about 110
uwm. In the first embodiment, the emission position of the laser
beam with the wavelength A1 and the emission position of the
laser beam with the wavelength A2 are arranged to align
almost 1n parallel on a surface of the optical disk 25. In
addition, a laser beam emitted may be used in combination
with a laser beam having a wavelength A3 of about 405 nm
which 1s used 1n a Blu-ray Disc or HD-DVD.

A diffraction element 12 has a first diffraction grating 12a
and a second diffraction grating 125, and the first diffraction
grating 12a and the second diffraction grating 125 are dis-
posed 1n series. The first diffraction grating 12q diffracts the
laser beam with the wavelength Al into zero-order light or
+1-order light and makes the laser beam with the wavelength
A2 transmitted therethrough. The second diffraction grating,
1256 diffracts the laser beam with the wavelength A2 1nto
zero-order light or £1-order light and makes the laser beam
with the wavelength Al transmitted therethrough. The light
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that has been diffracted into zero-order light or £1-order light
by the difiraction element 12 1s incident on an optical receiver
18 and 1s used for a tracking control of the optical pickup
device.

An integrated prism 13 has slopes 134 and 13e, which are
parallel to each other, theremnside. A beam splitter 30 1s
formed on the slope 13d. In the first embodiment, the beam
splitter 30 makes laser beams emitted from the light source
11, which are forward light beams and have wavelengths Al
and A2, transmitted toward the optical disk 25 and makes laser
beams retlected from the optical disk 25, which are returming
light beams and have the wavelengths A1 and A2, reflected
toward the optical recerver 18. The beam splitter 30 1s formed
of a polarization separating film of a dielectric multilayer.

An astigmatism-generating element 31 1s formed on the
slope 13e. The astigmatism-generating element 31 1s an opti-
cal element 1n which focusing positions on two perpendicular
cross sections including an optical axis of light passing
through the astigmatism-generating element 31 are different
from each other. The optical recerver 18 1s disposed such that
the focusing position of emitted light on one cross section 1s
located ahead of the optical recewver 18 and the focusing
position of retlected light on the other cross section 1s located
behind the optical recerver 18. The light transmitted through
the astigmatism-generating element 31 1s incident on the
optical recerver 18 and 1s used for focus control of the optical
pickup device. By using a Fresnel mirror 31a configured to
have a plurality of retflecting mirrors, the astigmatism-gener-
ating element 31 1s formed. As discussed more fully later, the
reflecting mirrors can be orbicular band or curve shaped.

A wavelength plate 14 converts the direction of polariza-
tion. The wavelength plate 14 converts a forward laser beam
emitted from the light source 11, which 1s linearly polarized
light, 1nto circularly polarized light and converts a returning
laser beam retlected from the optical disk 25, which 1s circu-
larly polarized light, into linearly polarized light shifted by
90° from the forward laser beam. By changing the phase of
linearly polarized light by means of a function of the wave-
length plate 14, the beam splitter 30 can make the forward
laser beam transmitted and the returning laser beam reflected.

A collimating lens 15 converts forward light, which 1s
diverging light, into approximately parallel light and converts
returning light, which 1s parallel light, into converging light.

A rising mirror 16 1s a reflecting mirror that changes the
direction such that the forward light almost parallel to a
surface of the optical disk 25 forms almost a right angle with
respect to the surface of the optical disk 25. A polarization
separating film 1s formed on the surface of the rising mirror
16, such that a part of forward light 1s transmitted to move
toward a second optical receiver 19.

An objective lens 17 1s a lens that makes conversion such
that forward laser beams, which are parallel beams, converge
on a recording surface 25a of the optical disk 25.

The optical receiver 18 detects a laser beam that 1s ematted
from the light source 11 and 1s reflected from the optical disk
25. The optical recerver 18 converts light detected 1n a light-
detecting portion 1nto an electric signal and outputs the con-
verted signal. The output signal 1s used for focus control,
tracking control, and reproduction of information recorded
on the recording surface 25a of the optical disk 25, for
example.

The second optical recerver 19 detects a laser beam that 1s
emitted from the light source 11 and 1s not incident on the
optical disk 25. A signal output from the second optical
receiver 19 1s used to control the output of a laser beam
emitted from the light source 11.




US 8,270,265 B2

S

The optical disk 25 1s a DVD or a CD, for example. In the
case when the light source 11 that emits a laser beam with a
wavelength A3 1s used, the optical disk may also be a Blu-ray
Disc or an HD-DVD.

A laser beam emitted from the light source 11 1s diffracted
into zero-order light or £1-order light by the diffraction ele-
ment 12, 1s transmitted through the beam splitter 30 of the
integrated prism 13, and 1s incident on the wavelength plate
14. The laser beam 1s converted from linearly polarized light
into circularly polarized light by the wavelength plate 14, 1s
converted from diverging light into parallel light by the col-
limating lens 13, 1s reflected by the rising mirror 16 to convert
the propagating direction, and 1s incident on the objective lens
17. A part of light 1s transmitted to be incident on the second
optical recerver 19. The laser beam 1s converted into converg-
ing light by the objective lens 17 and 1s then condensed onto
the recording surface 25a of the optical disk 25.

The laser beam reflected from the recording surface 25a of
the optical disk 25 1s converted from diverging light into
parallel light by the objective lens 17, and the direction of the
laser beam 1s converted by the rising mirror 16. Then, the laser
beam 1s converted from parallel light into converging light by
the collimating lens 15 and 1s incident on the wavelength plate
14. The light 1s converted 1nto linearly polarized light having
a phase different from the forward light by the wavelength
plate 14, 1s retlected from the beam splitter 30 of the inte-
grated prism 13, and 1s incident on the astigmatism-generat-
ing element 31. The laser beam 1s reflected in a state where the
astigmatism used for focus control 1s retlected by the astig-
matism-generating element 31 and is then incident on the
optical receiver 18.

FI1G. 2 1s a view 1llustrating the configuration of an optical
pickup device from which a cover 1n the first embodiment 1s
removed. An optical pickup device 10 1s configured to include
various components disposed on a pedestal 20. The pedestal
20 15 a skeleton of the optical pickup device 10. The pedestal
20 1s formed of an alloy material, such as a Zn alloy or an Mg
alloy, or a hard resin material. Preferably, the pedestal 20 1s
tformed of an alloy material that 1s easy to secure the rigidity.
An attaching portion for disposing various components 1s
provided at a predetermined place of the pedestal 20.

The light source 11, the diffraction element 12, the inte-
grated prism 13, and the optical recerver 18 are fixed to a
bonding member 21 to thereby form a laser module 22, and
the bonding member 21 1s fixed to the pedestal 20. The objec-
tive lens 17 1s mounted 1n an actuator 23 that drives the
objective lens 17, and the actuator 23 1s fixed to the pedestal
20. The wavelength plate 14, the collimating lens 15, the
rising mirror 16, and the second optical recerver 19 are fixed
to the pedestal 20 directly or through another attaching mem-
ber.

FI1G. 3A 1s aview 1llustrating the configuration of an optical
system related to the astigmatism-generating element 1n the
first embodiment, and FIG. 3B 1s a view 1llustrating the shape
of the astigmatism-generating element 1n the first embodi-
ment. The integrated prism 13 can include three blocks 13a,
135, and 13¢. A bonding surface between the blocks 13a and
13b1sthe slope 134 and a bonding surface between the blocks
13band 13c1s the slope 13e. The blocks 13a,13b, and 13c are
formed of optical glass, such as BK7. The blocks 134, 135,
and 13¢ may also be formed of optical plastics. A reflecting
film 32 1s formed on the slope 134 in addition to the beam
splitter 30. The reflecting film 32 1s formed of a metallic film
or a dielectric multilayer. The reflecting film 32 may also be a
{1lm common with the beam splitter 30. In addition, the slopes
13d and 13e are parallel and are inclined by about 45° with
respect to side surfaces 137, 13¢, and 13/ through which laser
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beams having the wavelengths A1 and A2 are emitted from or
incident on the integrated prism 13.

The laser beam incident on the side surface 13/ of the
integrated prism 13 from the light source 11 1s transmitted
through the slope 13d, 1s emitted from the side surface 13g,
and 1s incident on the optical disk 25. At this time, the laser
beam 1s transmitted at an input/output angle of about 45° with
respect to the beam splitter 30. The laser beam reflected from
the optical disk 25 1s incident on the side surface 13g, 1s
reflected from the slope 134, 1s retlected from the slope 13e,
1s Turther reflected fromthe slope 134, 1s emitted from the side
surface 13/, and 1s then 1incident on the optical recerver 18. At
this time, the laser beam 1s reflected at an mput/output angle
of about 45° with respect to the beam splitter 30. In addition,
the laser beam 1s also reflected at an input/output angle of
about 45° with respect to the Fresnel mirror 31a that 1s the
astigmatism-generating element 31.

The Fresnel mirror 31a 1s a reflecting mirror configured to
include a plurality of reflecting mirrors 1n order to make a
curved mirror compact. The reflecting mirror can be, for
example, orbicular band shaped or curved shaped, and will be
referred to here as a ring band 31¢. A level difference occur-
ring on the boundary between the ring bands 31¢ adjacent to
cach other 1s simply called a level difference 31b. The level
difference 315 can be equal to a multiple of the wavelength of
the retlected light, preferably 1.5 times the wavelength. Tip
portions of the ring bands 31c¢ are oifset from each other in a
concave shaped pattern toward a light incidence side. That 1s,
an 1maginary surface d that connects the tips of the ring bands
31c1s curved in a concave shape toward a light incidence side.
This curving 1s very slightly made such that light at the end,
among light incident on the Fresnel mirror 314, 1s incident
carlier than light 1n a central portion by wavelength order.

Since the imaginary surface 314 1s curved 1n the concave
shape toward the light incidence side, incident light 1s 1nci-
dent on the Fresnel mirror 31a earlier at the outer periphery
compared with a case where the imaginary surface 314 has a
completely flat shape. Accordingly, since a state of the phase
of the level difference 315 changes and a component of dii-
fracted light caused by the level difference 315 1s reduced,
stray light on the optical receiver 18 can be suppressed. As a
result, the tracking control or the focus control 1s stabilized. In
addition, since the Fresnel mirror 31a 1s used as the astigma-
tism-generating element 31, miniaturization can be realized.
Accordingly, mimaturization and stabilized recording and
reproduction are possible.

FIG. 4 A 1s an explanatory view illustrating an astigmatism-
generating element, FIG. 4B 1s a view illustrating the shape of
a spot when an optical disk 1s near, and FIG. 4C 15 a view
illustrating the shape of a spot when an optical disk 1s far. The
astigmatism-generating element 33 1s an optical element 1n
which focal distances on two perpendicular cross sections
366 and 36¢ including an optical axis 36a are difierent from
cach other. Examples of the astigmatism-generating element
33 include a so-called columnar lens, cylindrical lens, or a
combination thereol and a cylindrical reflecting mirror, a
columnar reflecting mirror, or a combination thereof. In FIG.
4 A, the astigmatism-generating element 33 1s shown as being
formed as a cylindrical lens for stmplicity.

The laser beam reflected from the optical disk 25 1s con-
verted into light converging on the light source 11 by the
collimating lens 15 and returns. However, since the light 1s
separated from the forward light so as to move toward the
optical receiver 18 by the beam splitter 30, the laser beam
incident on the astigmatism-generating element 31 1s con-
verging light. Laser beams condense near the optical receiver
18. Accordingly, a laser beam 36 that 1s incident on the astig-
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matism-generating element 33 1s also converging light and 1s
treated as light condensing near the optical receiver 34.

In FIG. 4A, the laser beam 36 on the cross section 365 1n the
vertical direction including the optical axis 36q 1s transmitted
through the astigmatism-generating element 33 and con-
verges on a focal point 364. On the other hand, the laser beam
36 on the cross section 36¢ 1 the horizontal direction 1nclud-

ing the optical axis 36a tends to converge on a focal point 36e¢
that 1s disposed farther behind the focal point 364, since the
astigmatism-generating element 33 functions as a concave
lens. The optical recerver 34 1s disposed between the focal
point 364 and the focal point 36¢. That 1s, the optical receiver
34 1s disposed such that the focal point 364 1s positioned
ahead of the optical receiver 34 and the focal point 36¢ 1s
positioned behind the optical recetver 34. That 1s, the laser
beam 36 1n the direction of the cross section 365 first con-
verges on the focal point 364 and 1s then incident on the
optical receiver 34 1n a slightly spread state. The laser beam
36 1n the direction of the cross section 36¢ 1s incident on the
optical recerver 34 1n a slightly spread state before converging
on the focal point 36e. As a result, a spot 37 on the optical
receiver 34 has an almost circular shape 1n a shightly spread
state.

Referring to FIGS. 4B-4C, 1n the optical receiver 34, A to
D light-detecting portions 35 which receive the laser beams
36 with the wavelengths A1 and A2 reflected from the optical
disk 25 are disposed 1n a cross shape. The A and C light-
detecting portions 335 are disposed 1n the left and right direc-
tion, and the B and D light-detecting portions 35 are disposed
in the up and down direction. The A to D light-detecting
portions 35 convert the recerved light into an electric signal.
An electric signal converted by the A light-detecting portion
35, an electric signal converted by the B light-detecting por-
tion 35, an electric signal converted by the C light-detecting,
portion 35, and an electric signal converted by the D light-
detecting portion 35 are assumed to be A, B, C, and D,
respectively. The focus error signal FES, which 1s a focus
control signal, can be obtained by calculating FES=(A+C)-
(B+D).

In the case where the optical disk 25 1s close to an optical
pickup device as shown 1n FI1G. 4B, the focal points 364 and
36¢ are distant from the optical disk 25. Accordingly, the focal
point 364 becomes close to the optical receiver 34 and the
tocal point 36e becomes distant from the optical receiver 34.
For this reason, the dimension of the spot 37 in the vertical
direction becomes short and the dimension of the spot 37 1n
the horizontal direction becomes long. Accordingly, the focus
error signal FES becomes larger than 0. In contrast, in the case
where the optical disk 25 1s far from the optical pickup device
10 as shown in FIG. 4C, the focal points 364 and 36¢ are close
to the optical disk 25. Accordingly, the focal point 36d
becomes distant from the optical receiver 34 and the focal
point 36¢ becomes close to the optical receiver 34. For this
reason, the dimension of the spot 37 in the vertical direction
becomes long and the dimension of the spot 37 in the hori-
zontal direction becomes short. Accordingly, the focus error
signal FES becomes larger than O. Thus, the focus error signal
FES 1s a focus control signal indicating the positional devia-
tion of the optical disk 25 1n the focusing direction. The focus
control 1s performed such that the focus error signal FES
becomes 0 or a predetermined value.

FIG. 5 15 a view 1illustrating the layout of a light-detecting
portion 1n an optical receiver in the first embodiment. The
optical recerver 18 has light-detecting portions 18a of A to LL
and a to h. A laser beam for an optical disk associated with
light having the first wavelength A1 such as, for example, the
DVD, 1s incident on the light-detecting portions 18a of A to L.
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A laser beam for an optical disk associated with light having
the second wavelength A2 1s such as, for example, the CD, 1s
incident on the light-detecting portions 18a of a to h. Zero-
order light generated by the first diffraction grating 12a 1s
incident on the light-detecting portions 18a of A to D, and one
of x1-order laser beams i1s incident on the light-detecting
portions 18aq of E to G and 1 to L. In addition, zero-order light
generated by the second diffraction grating 125 1s incident on
the light-detecting portions 18a of a to d, and one of £1-order
laser beams 1s incident on the light-detecting portions 18a of
¢ and g and 1 and h. The light-detecting portions 18a of A to
D and the light-detecting portions 18a of a to d 1n FIG. 5
correspond to the light-detecting portions 35 of A to D in FIG.
4.

In the first embodiment, the astigmatism-generating ele-
ment 31 1s rotated by 45° 1n the direction perpendicular to the
optical axis 36a with respect to the astigmatism-generating
clement 33. Accordingly, the light-detecting portion 18a of
the optical recerver 18 1s rotated by 45° within a surface of the
light-detecting portion 35 of the optical recerver 34. As a
result, since the boundary of the light-detecting portions 18a
of A to D within the optical recerver 18 become vertical and
horizontal, 1t becomes easy to design the arrangement of the
light-detecting portions 18a including the other light-detect-
ing portions 18a.

In the optical receiver 18, electric signals for DVD that are
incident on the light-detecting portions 18a of A, B, C, D, E,
F, G, H, I, J, K, and L. and are converted are assumed to be A,
B,C,D,E,F,G, H,1,1,K, and L, respectively. Electric signals
for CD that are incident on the light-detecting portions 18a of
a,b,c,d, e 1, g,and h and are converted are assumed to be a,
b, c, d, e, 1, g, and h, respectively.

Thefocus error signal FES for DVD 1s FES=(A+C)-(B+D)
in the case of DVD-ROM and DVDxR/RW and FES={(A+
C)-(B+D)} +Ktx{ (E+I+G+K)-(H+L+F+])} in the case of
DVD-RAM. Here, Kt 1s a constant determined according to
operation setting. The focus error signal FES 1s a signal indi-
cating focus deviation of a spot.

The focus error signal FES for CD 1s FES=(a+c)—-(b+d) 1n
the case of CD-R/RW/ROM.

A tracking error signal TES for DVD 1s TES=ph(A, D)-ph
(B, C) in the case of DVD-ROM and TES={(A+B)—(C+
D)} -Ktx{ (E+I+F+1)-(G+K+H+L)} in the case of DVD+R/
RW and DVD-RAM. Here, ph(X, Y) 1s a voltage obtained by
converting a phase difference between X and'Y detected. The
tracking error signal TES 1s a signal indicating track position
deviation of a spot.

The tracking error signal TES for CD is TES={(A+B)-(C+
D)}-Ktx{(e+)-(g+h)} in the case of CD-R/RW/ROM and
TES=ph(a, d)-ph(b, ¢) in the case of CD-ROM. Usually, the
former method capable of performing a tracking control more
stably 1s used. However, for example, 1n the case of reproduc-
ing a poor disk 1n which the height of a pit of a CD-ROM does
not comply with the standards, the tracking error signal TES
may not be output satisfactorily in the former method. In such
a case, the latter method can be used as a preparatory tracking
control method since the tracking error signal TES can be
output satisfactorily. Thus, since a tracking control can also
be made 1n the case of reproducing a poor disk which does not
comply with the standards so as not to make a tracking con-
trol, 1t1s possible to meet the optical disk 25 1n a broader range
as an optical disk device.

Moreover, 1n FI1G. 5, the arrangement of the light-detecting
portions 18a of E to H, A to D, and I to L and the light-
detecting portions 18aq of e and g, ato d, and 1 and h are made
to be slightly shifted from each other in the vertical direction
of the drawing. This 1s because when zero-order light con-
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verges on a track of the recording surface 25a of the optical
disk 25, +1-order light converges 1n a state where the £1-order
light 1s shifted from the track. Accordingly, 1n the case when
the zero-order light and the x1-order light converge on the
same track, the light-detecting portions 18a of E to H, A to D,
and I to L and the light-detecting portions 18a of e and g, a to
d, and 1 and h are arrayed 1n the vertical direction of the
drawing.

FIG. 6A 1s a view 1llustrating a curved mirror before being
formed as a Fresnel mirror, FIG. 6B 1s a view illustrating a
Fresnel mirror, and FIG. 7 1s a view 1illustrating the shape of
the Fresnel mirror 1n the first embodiment. A Fresnel mirror
40 1s a reflecting mirror obtained by dividing a normal three-
dimensional curved mirror 39 mto a plurality of orbicular
band shaped reflecting mirrors for every predetermined
height d and moving each of divided ring bands 4056 1n order
to make the entire reflecting mirror thin. A depth d of a level
difference 40a of the Fresnel mirror 40 1s equivalent to the
predetermined height d by which the curved mirror 39 1s
divided. An imaginary surface 40¢ that connects the tips of the
ring bands 405 1s an almost flat surface.

The Fresnel mirror 31a 1n the astigmatism-generating ele-
ment 31 1s formed such that the imaginary surface 40c¢ in the
Fresnel mirror 40 has a concave shape toward the light 1nci-
dence side. The shape of each ring band 405 1s set as the shape
of the ring band 31¢, and the level difference 315 1s formed to
be deeper as the position gets closer to the outer periphery.
Since the level difference 315 becomes deeper as 1t gets closer
to the outer periphery, a stray light component generated at
the position near the outer periphery of the Fresnel mirror 31a
can be reduced. As a result, spreading of the stray light on the
optical receiver 18 can be suppressed. In addition, the shape
of the ring band 31c¢ 1s the same as a case where the imaginary
surface 31d 1s a completely flat shape. That 1s, the depth of
cach ring band 31c¢ 1s equal to the predetermined height d.
Theretore, the original performance of the Fresnel mirror 31
a can be maintained.

In the first embodiment, the shape of the Fresnel mirror 31a
1s dertved 1n two steps where the shape of the Fresnel mirror
40 1s derived from the shape of a normal three-dimensional
curved mirror 39 and then the shape of the Fresnel mirror 31a
1s dertved. However, the shape of the Fresnel mirror 31a 1s not
limited to that described above but may also be derived by
making the level difference 315 as deep as the outer periphery
from the shape of the curved mirror 39.

In the first embodiment, the imaginary surface 314 1s made
to have a concave shape curved in the spherical surface shape.
In the case of the spherical surface shape, the state of a phase
of incident light changes largely at much as the outer periph-
ery. Accordingly, 1t becomes easy to make a component of
diffracted light small. However, the imaginary surface 31d
does not need to have the spherical surface shape but may
have a prolate spheroid shape or a cylindrical shape. In addi-
tion, the 1maginary surface 314 may have a conical shape.

It 1s preferable that the radius R of the spherical surface of
the imaginary surface 314 be 300 mm or more and 500 mm or
less. Since an effect curved 1n the concave shape can be easily
obtained as the radius R decreases, the diffracted light can be
reduced. However, when the radius R 1s too small, the depth
of the whole Fresnel mirror 31a becomes large. Accordingly,
the shape of the ring band 31c¢ or the precision of the level
difference 314 deteriorates. In addition, since the Fresnel
mirror 31a 1s manufactured by exposing, developing, or etch-
ing a photosensitive resin for lithography as will be described
later, 1t takes much time for manufacturing 1f the depth of the
whole Fresnel mirror 31q 1s large. If the radius R 1s 300 mm
or more and 500 mm or less, the diffracted light can be
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suificiently reduced, the shape of the ring band 31¢ and the
precision of the level difference 315 can be suiliciently
secured, and the manufacturing time can be shortened. In the
firstembodiment, the radius R of the spherical surface s setto
400 mm. However, the effect using the concave shape is
slightly obtained even if the radius R 1s 600 mm or less and the
elfect using the concave shape allowing deterioration of the
shape of the ring band 31¢ or precision of the level difference
31b 1s obtained even 1f the radius R 1s 200 mm or more.
Accordingly, the Fresnel mirror 31a can also be used 1n the
cases.

Preferably, the depth of the level difference 315 1n the first
embodiment is set to a depth almost equal to (natural number/
2) times one wavelength of laser beams incident on the
Fresnel mirror 31a. Since phases of light beams when the
depth of the level difference 3156 1s set to approximately
(natural number/2) times of the wavelength match each other,
diffracted light i1s reduced. For the other light beams, by
making the imaginary surface 314 curved in the concave
shape toward the light incidence side, the difiracted light can
be reduced.

The depth of the level difference 315 and the wavelength of
a laser beam have the following relationship. Laser beams
which are incident on the neighborhood of the boundary of
the adjacent ring bands 31¢ and are reflected exactly cancel
cach other to make a diffracted light component zero, assum-
ing that a difference between the optical path length of a laser
beam, which 1s incident on a reflecting surface on a front side
and 1s then reflected, and the optical path length of a laser
beam, which 1s incident on a reflecting surface on a back side
and 1s then reflected, 1s natural number multiples of a wave-
length. That 1s, 1t 15 preferable that twice the depth of the level
difference 315 corresponding to a return portion be natural
number multiples of the wavelength. Here, “(natural number/
2) times the wavelength of a laser beam™ includes efiects of a
refractive index and an incident angle. Accordingly, assuming
that the wavelength of a laser beam 1s A, the refractive index
1s n, the incident angle 1s 01, and the natural number 1s m, the
preferable depth d of the level difference 3156 1s d=(m/2)-A/
(cos(01)'n). For example, assuming that the wavelength of a
laser beam 1s A=A2=780 nm, the refractive index as a refrac-
tive index of BK7 1s n=1.51, the incident angle 011s 45°, and
m1is 1, d 1s 365 nm.

In the first embodiment, the level difference 3154 1n the
middle of the Fresnel mirror 31a 1s set to a depth almost equal
to a hall wavelength of reflected light from a CD. Since a
phase of the retlected light from the CD matches that in the
level difference 315b, diffracted light 1s small. For reflected
light from a DV D, by causing the imaginary surface 31dto be
curved 1n the concave shape toward the light incidence side,
the diffracted light can be reduced. Therefore, satisiactory
recording and reproduction can be performed on a DVD and
a CD. In addition, the natural number 1s 1, the depth of the
level difference 3156 1s small, and the depth of the whole
Fresnel mirror 31a 1s also small. Accordingly, the manutac-
turing time can be shortened while sufficiently securing the
shape of the ring band 31c¢ and the precision of the level
difference 315b.

FIG. 8A 1s a view 1llustrating the configuration of the
integrated prism 1n the first embodiment, FIG. 8B 1s a view
illustrating a first example of the configuration of the astig-
matism-generating element 1n the first embodiment, FIG. 8C
1s a view 1llustrating a second example of the configuration of
the astigmatism-generating element in the first embodiment,
FIG. 8D 1s a view 1illustrating a third example of the configu-
ration of the astigmatism-generating element in the first
embodiment, and FIG. 8E 1s a view illustrating a fourth
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example of the configuration of the astigmatism-generating
clement 1n the first embodiment.

In order to manufacture the astigmatism-generating ele-
ment 31 1n the first embodiment, 1t 1s desirable to use a gray
scale mask allowing exposure in a predetermined shape. The
gray scale mask 1s a mask whose transmittance with respectto
light having a wavelength used for exposure changes continu-
ously with a location 1n a portion equivalent to the ring band
31c. By using the gray scale mask, the depth of the level
difference 315 and the curved shape of the continuous shape
of the ring bands 31c¢, which 1s the original shape of the
Fresnel mirror 31a, can be realized with high precision. In
addition, the shape in which the imaginary surface 314 that
connects the tips of the rning bands 31c¢ 1s curved 1n a concave
shape toward the light incidence side can also be realized. By
using the gray scale mask, the stepwise shape 1s not almost
observed 1n the ring bands 31¢ but the ring bands 31¢ become
smooth. Accordingly, the satisfactory spot shape can be
obtained on the optical receiver 18 that recerves a laser beam.
In addition, since one exposure 1s enough without repeating
exposure multiple times, the surface shape of the Fresnel
mirror 31a that 1s very close to a designed shape can be
obtained. In contrast, 1t 1s difficult to realize the shape of the
imaginary surface 314 1n a method of repeating the exposure
multiple times.

A method of manufacturing the astigmatism-generating
element 31 shown 1n FIG. 8B 1s as follows. First, a resin 41 1s
coated on a surface of a plate-shaped block 13¢ and 1s then
cured. The resin 41 15 a photosensitive resin for lithography
and 1s a photoresist or a photosensitive polyimide, for
example. Then, an 1rregular pattern having a predetermined
shape 1s left in the resin 41 by performing development by
irradiation of ultraviolet rays and exposure through the gray
scale mask by which a predetermined irregular pattern of the
ring band 31c¢ and the level difference 315 can be formed. This
irregular pattern becomes a retlecting surface shape of the
Fresnel mirror 31a. Then, an absorption film 1s formed and
then a reflecting film 42 1s formed on the surface. The surface
shapes of the absorption film and reflecting film 42 are almost
similar to the shape of the resin 41. The absorptlon film 1s a
dielectric multilayer and the reflecting film 42 1s a metallic
film or a dielectric multilayer. Finally, the block 135 and the
block 13c¢ are bonded to each other with an adhesive 43. The
adhesive 43 1s an ultraviolet curable adhesive, a heat curable
adhesive, or an anaerobic adhesive, for example. Preferably,
the adhesive 43 1s transparent for laser beams with the wave-
lengths A1 and A2 and has almost the same refractive index as
a material used to form the block 1354.

Furthermore, a method of manufacturing the integrated
prism 13 shown in FI1G. 8A 1s as follows. The beam splitter 30
and the reflecting film 32 are formed on a surface of the
plate-shaped block 13a on a side of the slope 134 or a surface
of the plate-shaped block 135 on a side of the slope 13d. Then,
the block 13a and the block 135 are bonded to each other with
an adhesive. The adhesive 1s an ultraviolet curable adhesive, a
heat curable adhes1ve, or an anaerobic adhesive, for example.

In this way, one large block in which the plate-shaped block
13a, the plate-shaped block 135, and the plate-shaped block
13¢ are bonded 1s formed. Then, the large block 1s cut 1n a
predetermined shape and polished to thereby manufacture the
integrated prism 13. Anti-reflection films may be formed on
the side surfaces 13/, 13g, and 13/, which are surfaces
through which a laser beam 1s incident or emitted, among,
surfaces of the integrated prism 13.

A method of manufacturing the astigmatism-generating
element 31 in FIG. 8C 1s as follows. First, the resin 41 1s
coated on a surface of the plate-shaped block 1356 and 1s then
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cured. Then, an 1rregular pattern having a predetermined
shape 1s left in the resin 41 by performing development by
irradiation of ultraviolet rays and exposure through the gray
scale mask by which a predetermined 1rregular pattern of the
ring band 31¢ and the level difference 316 can be formed.
Then, an wrregular pattern having a predetermined shape 1s
formed on a surface of the block 1356 by etching. At this time,
since the resin 41 1s completely etched, the resin 41 does not
remain. This irregular pattern becomes a retlecting surface
shape of the Fresnel mirror 31qa. In this manner, the irregular
pattern, which has a predetermined shape, of the ring bands
31c and the level difference 315 of the astigmatism-generat-
ing element 31 1s formed on the surface of the block 135.

Then, the reflecting {ilm 42 1s formed and then an absorption
f1lm 1s formed on the surface. Finally, the block 135 and the
block 13¢ are bonded to each other with the adhesive 43.

Since a laser beam does not pass through the adhesive 43, the
adhesive 43 does not need to be transparent for a laser beam
or to have almost the same refractive index as a material used
to form the block 135.

A method of manufacturing the astigmatism-generating
element 31 shown 1n FIG. 8D 1s as follows. First, the resin 41
1s coated on a surface of the plate-shaped block 13¢ and 1s then
cured. Then, an irregular pattern having a predetermined
shape 1s left 1n the resin 41 by performing development by
irradiation of ultraviolet rays and exposure through the gray
scale mask by which a predetermined 1rregular pattern of the
ring band 31c¢ and the level difference 315 can be formed.
Then, an wrregular pattern having a predetermined shape 1s
formed on a surface of the block 13¢ by etching. At this time,
since the resin 41 1s completely etched, the resin 41 does not
remain. This irregular pattern becomes a reflecting surface
shape of the Fresnel mirror 31qa. In this manner, the irregular
pattern, which has a predetermined shape, of the ring bands
31c and the level difference 315 of the astigmatism-generat-
ing element 31 1s formed on the surface of the block 13c.
Then, an absorption film 1s formed and then the reflecting film
42 1s formed on the surface. Finally, the block 135 and the
block 13¢ are bonded to each other with the adhesive 43.
Preferably, the adhesive 43 1s transparent for laser beams with
the wavelengths A1 and A2 and has almost the same refractive
index as a material used to form the block 135.

A method of manufacturing the astigmatism-generating
element 31 shown 1in FIG. 8E 1s as follows. First, the resin 41
1s coated on a surface of the plate-shaped block 135 and 1s
then cured. Then, an irregular pattern having a predetermined
shape 1s left 1n the resin 41 by performing development by
irradiation of ultraviolet rays and exposure through the gray
scale mask by which a predetermined irregular pattern of the
ring band 31¢ and the level difference 315 can be formed. This
irregular pattern becomes a reflecting surface shape of the
Fresnel mirror 31a. Then, the reflecting film 42 1s formed and
then an absorption film 1s formed on the surface. Finally, the
block 136 and the block 13 ¢ are bonded to each other with the
adhesive 43. Preferably, the adhesive 41 1s transparent for
laser beams with the wavelengths A1 and A2 and has almost
the same refractive index as a material used to form the block
135. However, since a laser beam does not pass through the
adhesive 43, the adhesive 43 does not need to be transparent
for a laser beam or to have almost the same refractive index as
a material used to form the block 134.

In the cases shown 1n FIGS. 8B and 8E, the precision of the
level difference 315 and the shape of the ring band 31¢ can be
improved for as much as the resin 41 1s not etched, compared
with the cases shown 1n FIGS. 8C and 8D. In addition, the
astigmatism-generating element 31 can be manufactured as
cheap as the etching process 1s omitted.
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In addition, the resin 41 that 1s a photosensitive resin for
lithography 1s not necessarily waterproot. For example, when
the moisture permeates, an optical property changes and
accordingly, a refractive index changes or adhesion between
the block 135 and the block 13¢ becomes weak and accord-
ingly, the block 135 and the block 13¢ easily peel off from
cach other. As a result, the reliability lowers. In the first
embodiment, the resin 41 1s disposed so as not to be exposed
to the outside of the integrated prism 13 as shown in FIGS. 8B
and 8E. In addition, the resin 41 1s covered with the reflecting
film 42. Accordingly, 1t 1s possible to prevent the moisture
from permeating the resin 41 directly from the outside. As a
result, high reliability of the resin 41 can be maintained.

FIG. 9A 1s a view 1illustrating a first example of the level
difference pattern of the astigmatism-generating element 1n
the first embodiment, FIG. 9B is a view 1illustrating a second
example of the level difference pattern of the astigmatism-
generating element 1n the first embodiment, and FIG. 9C 1s a
view 1llustrating a third example of the level difference pat-
tern ol the astigmatism-generating clement in the first
embodiment. The longitudinal direction of the astigmatism-
generating element 31 1s a direction along the slope 13e. In
addition, the reason why the level difference pattern appears
to be inclined 1s because two perpendicular cross sections
including an optical axis are inclined by 45° on the optical
receiver 18. A line portion shown i FIGS. 9A, 9B, and 9C 1s
the level difference 315, and a portion between line portions
1s the ring band 31c.

The level difference pattern shown 1n FIG. 9A indicates
that the astigmatism-generating element 31 1s the Fresnel
mirror 31a equivalent to a three-dimensional curved mirror
having a cylindrical shape or a columnar shape. The level
difference pattern shown 1n FIG. 9B indicates that the astig-
matism-generating e¢lement 31 1s the Fresnel mirror 31a
equivalent to a curved mirror that 1s a concave mirror or a
convex mirror having different radii of curvature at two per-
pendicular axes. The level difference pattern shown 1n FIG.
9C 1ndicates that the astigmatism-generating element 31 1s
the Fresnel mirror 31a equivalent to a curved mirror in which
one side 1s a concave mirror or the other side 1s a convex
mirror at two perpendicular axes. Thus, the level difference
pattern of the astigmatism-generating element 31 changes
with the shape of the three-dimensional curved mirror.

As described above, the optical pickup device 10 according
to the first embodiment includes the light source 11, the
optical receiver 18, and the astigmatism-generating element
31. The light source 11 emits a laser beam toward the optical
disk 25. The optical receiver 18 detects light reflected from
the optical disk 25. The astigmatism-generating element 31
generates light used for focus control 1n a condition where a
focusing position on one of the two perpendicular cross sec-
tions including an optical axis of the retlected light of the
optical disk 23 1s located ahead of the optical recerver 18 and
a focusing position on the other cross section 1s located
behind the optical recerver 18. The optical pickup device 10 1s
the Fresnel mirror 31a 1n which the astigmatism-generating
clement 31 1s formed by a plurality of orbicular band shaped
reflecting mirrors and 1s characterized in that the imaginary
surface 31d, which connects the tips of the orbicular band
shaped reflecting mirrors, 1s curved in the concave shape
toward the light incidence side.

In the optical pickup device 10 according to the first
embodiment, the imaginary surface 31d 1s curved in the con-
cave shape toward the light incidence side, incident light 1s
incident on the Fresnel mirror 31a earlier at the outer periph-
ery than 1n a case in which the imaginary surface 314 has a
completely flat shape. Accordingly, since a situation of the
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phase in the level difference 315 of the orbicular band shaped
reflecting mirrors adjacent to each other changes and a com-
ponent of diffracted light caused by the level difference 315 1s
reduced, stray light on the optical receiver 18 can be sup-
pressed. As a result, the tracking control or the focus control
1s stabilized. In addition, since the Fresnel mirror 31a 1s used
as the astigmatism-generating element 31, miniaturization
can be realized. Accordingly, miniaturization and stabilized
recording and reproduction are possible.

(Second Embodiment)

A second embodiment will be described with reference to
the accompanying drawings. FIG. 10 1s a view illustrating the
configuration of an optical pickup module according to the
second embodiment, and FIG. 11 1s a view 1illustrating the
configuration of an optical pickup device according to the
second embodiment.

In FIG. 10, a driving mechanism of an optical disk device
60, which has a rotation-driving portion for performing rota-
tion driving of the optical disk 25 and a moving portion
serving to make the optical pickup device 10 close to or far
from the rotation-driving portion, is referred to as an optical
pickup module 50. Since a base 51 forms a skeleton of the
optical pickup module 50, the optical pickup module 50 1s
configured such that respective constituent components are
arranged directly or indirectly on the base 51.

The rotation-driving portion includes a spindle motor 52
having a turntable 52a on which the optical disk 25 is placed.
The spindle motor 52 1s fixed to the base 51. The spindle
motor 52 generates a rotational driving force to rotate the
optical disk 25.

The moving portion includes a feed motor 53, a screw shaft
54, a main shaft 55, and a subshaft 56. The teed motor 53 1s
fixed to the base 51. The feed motor 53 generates a rotational
driving force required when the optical pickup device 10
moves between the inner periphery and outer periphery of the
optical disk 25. For example, a stepping motor or a DC motor
1s used as the feed motor 53. The screw shait 54 is spirally
grooved and 1s directly connected to the feed motor 53 or
connected to the feed motor 53 through several stages of
gears. In the second embodiment, the screw shaft 54 1is
directly connected to the feed motor 353. Each of the main
shaft 35 and the subshait 56 has both ends that are fixed to the
base 51 through a supporting member. The main shaft 55 and
the subshaft 56 movably support the optical pickup device 10
in the radial direction of the optical disk 25. The optical
pickup device 10 includes a rack 57 having guide teeth which
engage grooves ol the screw shaft 34. Since the rack 57
converts the rotational driving force of the feed motor 53
transmitted to the screw shait 54 into a linear driving force,
the optical pickup device 10 can move between the inner
periphery and outer periphery of the optical disk 25.

In addition, the rotation-driving portion 1s not limited to
having the configuration described 1n the second embodiment
as long as it can rotate the optical disk 235 at a predetermined
number of rotations. In addition, the moving portion 1s not
limited to having the configuration described in the second
embodiment as long as 1t can move the optical pickup device
10 to a predetermined position between the inner periphery
and outer periphery of the optical disk 25.

The optical pickup device 10 1s obtained by attaching a
cover 44 1n the configuration shown 1n FIG. 2. The optical
pickup device 10 includes the light source 11, the optical
receiver 18, and the astigmatism-generating element 31. The
light source 11 emits a laser beam toward the optical disk 25.
The optical recerver 18 detects light reflected from the optical
disk 25. The astigmatism-generating element 31 generates
light used for focus control 1n a condition where a focusing
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position on one ol the two perpendicular cross sections
including the optical axis of the retlected light of the optical
disk 25 1s located ahead of the optical receiver 18 and a
focusing position on the other cross section 1s located behind
the optical recerver 18. The optical pickup device 10 1s the
Fresnel mirror 31a 1n which the astigmatism-generating ele-
ment 31 1s formed by a plurality of orbicular band shaped
reflecting mirrors and 1s characterized in that the imaginary
surface 31d, which connects the tips of the orbicular band
shaped reflecting mirrors, 1s curved in the concave shape
toward the light incidence side.

In the optical pickup device 10 according to the second
embodiment, because the imaginary surface 314 1s curved 1n
the concave shape with respect to the light incidence side,
incident light 1s incident on the Fresnel mirror 31a earlier at
the outer periphery in comparison to a case where the 1imagi-
nary surface 31d has a completely flat shape. Accordingly,
since a situation of the phase 1n the level difference 315 of the
orbicular band shaped reflecting mirrors adjacent to each
other changes and a component of diffracted light caused by
the level difference 315 1s reduced, stray light on the optical
receiver 18 can be suppressed. As aresult, the tracking control
or the focus control 1s stabilized. In addition, since the Fresnel
mirror 31a 1s used as the astigmatism-generating element 31,
mimaturization can be realized. Accordingly, miniaturization
and stabilized recording and reproduction are possible.

An adjusting mechamism that forms a supporting member
adjusts the inclination of the main shatt 55 and subshait 56 so
that a laser beam emaitted from the objective lens 17 of the
optical pickup device 10 1s incident on the optical disk 25 at a
right angle.

Referring to FIG. 11, a housing 61 of the optical disk
device 60 1s formed by combining an upper housing 61a and
a lower housing 6156 and fixing them to each other with screws
or the like. A tray 62 1s retractably provided with respect to the
housing 61. In the tray 62, the optical pickup module 50
provided with a cover 58 1s disposed from a bottom surface of
the tray. The cover 58 has an opening that exposes the objec-
tive lens 17 of the optical pickup device 10 and the turntable
52a of the spindle motor 52. Furthermore, 1n the second
embodiment, the feed motor 53 1s also exposed such that the
thickness of the optical pickup module 50 becomes small.
The tray 62 has an opening that exposes the objective lens 17,
the turntable 52a, and at least a part of the cover 58. A bezel
63 1s provided on a front surface of the tray 62 and 1s adapted
to block the entrance of the tray 62 when the tray 62 1s
accommodated within the housing 61. The bezel 63 1s pro-
vided with an eject switch 64. By pushing the eject switch 64,
engagement between the housing 61 and the tray 62 1is
released, which makes 1t possible for the tray 62 to appear
from the housing 61. Rails 65 are slidably attached to both
opposite sides of the tray 62 and the housing 61. A circuit
board (not shown) 1s provided inside the housing 61 or the
tray 62. A power supply circuit, ICs for signal processing,
system, and the like are mounted on the circuit board. An
external connector 66 1s connected to a power supply/signal
line provided in an electronic apparatus, such as a computer.
In addition, by way of the external connector 66, power 1s
supplied to the optical disk device 60, an electrical signal
from the outside 1s led into the optical disk device 60, or an
clectrical signal generated in the optical disk device 60 is
transmitted to an electronic apparatus.

FI1G. 12 1s a view 1llustrating the tlow of a servo control of
the optical pickup device according to the second embodi-
ment. The flow of the focus control and tracking control of the
optical pickup device 10 will be described. A laser beam for
DVD having the wavelength A1 and a laser beam for CD
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having the wavelength A2, which are emitted from the light
source 11, are separated 1nto light beams used for the tracking
control by the first diffraction grating 12a and the second
diffraction grating 1256 of the diffraction element 12 and are
then icident on the optical disk 25. Laser beams retlected
from the optical disk 25 are separated by the beam splitter 30
of the mtegrated prism 13, become laser beams having dii-
ferent focal distances on two perpendicular cross sections
including an optical axis by the astigmatism-generating ele-
ment 31, and are then incident on the optical receiver 18. The
laser beams transmitted through the astigmatism-generating
clement 31 are used for focus control. The laser beams 1nci-
dent on the optical receiver 18 are converted into an electric
signal for focus control 1n DVD, an electric signal for focus
control in CD, an electric signal for tracking control in DVD,
and an electric signal for tracking control 1n CD and are then
transmitted to an analog signal processing portion 60a pro-
vided on the circuit board (not shown) of the main body of the
optical disk device 60.

The analog signal processing portion 60a performs opera-
tion and band processing on input signals and outputs the
processed signals to a servo processing portion 60b. The
servo processing portion 6056 generates the focus error signal
FES and the tracking error signal TES on the basis of the
signals from the analog signal processing portion 60a and
outputs the signals to a motor driving portion 60c. Generally,
the analog signal processing portion 60a generates signals
representative of parameters associated with the light gener-
ated by the astigmatism-generating element. The servo pro-
cessing portion 605 generates focus control signals and error
control signals based upon the signals generated by the signal
processing portion 60a. The motor driving portion 60¢ gen-
erates a current for driving the actuator 23 1n which the
objective lens 17 1s mounted on the basis of the focus error
signal FES and the tracking error signal TES that have been
input. As a result, a control 1s made such that deviation of a
focal point of beams condensed on the optical disk 25 and
deviation from a track are minimized.

In addition, signals transmitted from the analog signal
processing portion 60a, the servo processing portion 605, and
the motor driving portion 60c¢ are input to a controller 60d.
The controller 60d controls each of the portions by perform-
Ing operation processing on the signals, transmitting a result
(s1gnal) of the operation processing to each portion, and mak-
ing each portion execute driving and processing.

As described above, the optical disk device 60 according to
the second embodiment includes the optical pickup device 10
according to the first embodiment. Since the imaginary sur-
face 31d 1s curved in the concave shape toward the light
incidence side, incident light 1s incident on the Fresnel mirror
31a carlier as much as the outer periphery, compared with a
case where the imaginary surface 314 has a completely flat
shape. Accordingly, since a situation of the phase 1n the level
difference 315 of the orbicular band shaped reflecting mirrors
adjacent to each other changes and a component of diffracted
light caused by the level ditference 315 1s reduced, stray light
on the optical recerver 18 can be suppressed. As a result, the
tracking control or the focus control 1s stabilized. In addition,
since the Fresnel mirror 31a 1s used as the astigmatism-
generating element 31, mimiaturization can be realized.
Accordingly, mimaturization and stabilized recording and
reproduction are possible.

This application based upon and claims the benefit of pri-
ority of Japanese Patent Application No 2007-205290 filed on
Aug. 7, 2007 the contents of which are incorporated herein by
reference 1n 1ts entirety.
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What 1s claimed 1s:

1. An optical pickup device, comprising;:

a light source which emits a laser beam toward an optical
disk;

an optical receiver which detects light retlected from the
optical disk; and

an astigmatism-generating element which generates light
used for focus control 1n a condition that a focusing
position on one ol two perpendicular cross sections
including an optical axis of the light reflected from the
optical disk 1s located ahead of the optical recerver and a
focusing position on the other cross section 1s located
behind the optical recerver;

wherein the astigmatism-generating element 1s a Fresnel
mirror configured to have a plurality of orbicular band
shaped reflecting mirrors, and an 1imaginary surface that
connects tips of the orbicular band shaped retlecting
mirrors 1s curved 1n a concave shape toward a light
incidence side,

the light source emits laser beams with two wavelengths
from adjacent positions, and the laser beam with one of
the wavelengths 1s emitted toward a DVD and the laser
beam with the other wavelength 1s emitted toward a CD,
and

a level difference of the orbicular band shaped adjacent
reflecting mirrors 1n a central portion of the Fresnel
mirror has a depth almost equal to a half wavelength of
reflected light from the CD.

2. An optical disk device comprising:

a light source which emits a laser beam toward an optical
disk:

an optical receiver which detects light retlected from the
optical disk;

an astigmatism-generating element which generates light
used for focus control 1n a condition that a focusing
position on one of two perpendicular cross sections
including an optical axis of the light retlected from the
optical disk 1s located ahead of the optical recerver and a
focusing position on the other cross section 1s located
behind the optical recerver;
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a signal processing portion for generating signals represen-
tative of parameters associated with the light generated
by the astigmatism-generating element; and

a servo processing portion for generating focus control
signals and error control signals based upon the signals
generated by the signal processing portion,

wherein the astigmatism-generating element 1s a Fresnel
mirror configured to have a plurality of retlecting mir-
Iors,

an 1maginary surface that connects tips of the reflecting
mirrors 1s curved 1n a concave shape toward a light
incidence side,

the light source emits laser beams with two wavelengths
from adjacent positions, and the laser beam with one of
the wavelengths 1s emitted toward a DVD and the laser
beam with the other wavelength 1s emitted toward a CD,
and

a level difference of the reflecting mirrors in a central
portion of the Fresnel mirror has a depth almost equal to
a half wavelength of reflected light from the CD.

3. A Fresnel mirror for an optical pickup device, the Fresnel

mirror configured to recerve from an optical disk first and
second reflected light at adjacent positions, the first reflected
light having a first wavelength and the second retlected light
having a second wavelength that 1s longer than the first wave-
length, the Fresnel mirror comprising:

a plurality of retlecting mirrors disposed so that tip portions
of the retlecting mirrors are offset from each other 1n a
concave-shaped pattern toward a light reception side,
wherein the Fresnel mirror generates light having first
and second focal positions on first and second perpen-
dicular cross sections along an optical axis of the light
reflected from the optical disk,

wherein a level difference between adjacent reflecting mir-
rors 1n a central portion of the Fresnel mirror has a depth

almost equal to a half wavelength of reflected light from
the CD.
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